INTRODUCTION
The regional aspects of ground-water flow in the Coastal Plain aquifers of South Carolina have been studied only in very general terms. Streamaquifer interactions in particular have been studied regionally from a surface-water perspective (Bloxham, 1976 (Bloxham, , 1979 (Bloxham, , and 1981 . The streamaquifer work that has been done from a ground-water perspective (Stricker, 1983) deals only with the total base flow of smaller streams.
The U.S. Geological Survey has been conducting a series of investigations of major aquifers throughout the United States as a part of the Regional Aquifer Systems Analysis (RASA) program. These studies provide a comprehensive understanding of ground-water availability throughout the Nation. The Coastal Plain aquifers in South Carolina are being studied as a part of this program. The objective of this report is to describe a method used to estimate regional ground-water discharge to major rivers in the Coastal Plain of South Carolina and to present these estimates. The scope of this report is limited to evaluating streamflow data collected from 1941 to 1983 and using standard techniques for the estimation of missing streamflow data.
The study area includes the upper Coastal Plain and part of the Piedmont of South Carolina and adjacent parts of North Carolina and Georgia (fig, 1 ). The Coastal Plain has been subdivided into the upper Coastal Plain and the lower Coastal Plain on the basis of ground-water flow system characteristics and aquifer discharge to streams. The study area is characterized by a humid, temperate climate with hot summers and mild spring, fall, an. 1, winter seasons. Precipitation averages 48 inches per year (Snyder and otlu . 1983) .
Throughout much of the upper Coastal Plain, the topography consists of sand hills dissected by large and small streams. This is particularly true in the southwestern and central parts of the study area. The northeastern part of the study area is generally characterized by less topographic relief. Sediments have a higher clay and silt content and thus a lower permeability than sediments to the southwest. Land surface altitudes 1 range from less than 100 feet above NGVD of 1929 in the valleys of the larger rivers to slightly more than 500 feet above NGVD of 1929 in the sand hills of the southwestern part of the study area. The lower Coastal Plain, in contrast, is a low, broad plain ranging in altitude from 0 to 200 feet above NGVD of 1929.
The sediments that underlie the upper Coastal Plain consist of a wedge of sand and clay of late Cretaceous to Holocene. These sediments can be divided into aquifers and intervening confining beds on the basis of relative permeabilities (Aucott and others, 1986) . In general, the permeability of the aquifers is relatively high in the upper Coastal Plain because coarse to medium sand is most prevalent in the sediment column. Because the aquifers thin to a featheredge at the Fall Line, transmissivity, which is a function of both the permeability and thickness of sediments, is low near the Fall Line and increases toward the coast.
The Coastal Plain aquifer system of South Carolina consists of the surficial aquifer, Floridan aquifer system, Tertiary sand aquifer, Black Creek aquifer, Middendorf aquifer, and Cape Fear aquifer. These aquifers are generally associated with a particular geologic formation or group of formations as indicated in table 1. This association is general because some geologic formations do not extend throughout the Coastal Plain and because an aquifer may contain parts of several formations. A generalized outcrop map ( fig. 2 ) and generalized geohydrologic sections (figs. 3 and 4) are presented to aid in the understanding of the aquifer framework.
GROUND-WATER FLOW SYSTEM
The ground-water flow system of the Coastal Plain aquifers of South Carolina and adjacent states is best described with the aid of potentiometric maps of the aquifers. Figures 5 and 6 are potentiometric maps with flow lines for the combined Floridan aquifer system/Tertiary sand aquifer, and the Middendorf aquifer, respectively, for the period prior to development. Because of the similarities in the flow systems of the Black Creek and Middendorf aquifers prior to development and the greater areal extent of the Middendorf aquifer, only the potentiometric map for the latter is presented here.
Altitude, as used in this report, refers to distance above or below the National Geodetic Vertical Datum of 1929 (NGVD of 1929). Plain rivers, and data-collection sites. Discharge from the Tertiary sand, Black Creek, and Middendorf aquifers is primarily to rivers in the vicinity of the aquifer outcrops in the upper Coastal Plain. Upstream bending of the potentiometric contours in the vicinity of the Savannah River and other major rivers (figs. 5 and 6) indicates discharge from the aquifers to the rivers. Discharge to smaller streams has a corresponding effect on the potentiometric surface in the upper Coastal Plain, but is not explicitly shown due to map scale and data density.
Leakage between aquifers through confining units is also an important mechanism for recharge and discharge in the flow system. Downward leakage in the western part of the upper Coastal Plain (for example, in some areas of the Savannah River Plant) provides an important source of recharge to the Black Creek and Middendorf aquifers. This recharge occurs because of the relatively high permeability of the confining units and a downward potentiometric gradient.
The principal discharge from the Cretaceous aquifers in the lower Coastal Plain is through diffuse upward leakage to overlying aquifers. Flow quantities from upward leakage are probably small, especially between the Black Creek aquifer and the overlying combined Floridan aquifer system/ Tertiary sand aquifer. Water discharged by upward leakage eventually discharges to the surficial aquifer or the Atlantic Ocean. If discharged to the surficial aquifer, water eventually leaves the ground-water system by evapotranspiration or discharge to surface-water bodies. Aucott and Speiran, 1985) .
The general direction of ground-water flow is from recharge areas to discharge areas. In the upper Coastal Plain, most of the ground water in the Tertiary sand, Black Creek, and Middendorf aquifers flows from interstream recharge areas to rivers and small streams where the water is discharged. These flow paths are comparatively short. In the lower Coastal Plain, flow paths within each aquifer are much longer and the horizontal hydraulic gradients are less than those in the upper Coastal Plain. Ground water flows downgradient from the upper Coastal Plain to the lower Coastal Plain, where it is discharged by upward leakage to overlying aquifers.
REGIONAL GROUND-WATER DISCHARGE
A typical ground-water flow system in an area such as the upper Coastal Plain is shown in cross section in figure 7. In this system, water from precipitation enters the aquifer as recharge in areas of potentiometrie highs between rivers and lakes, flows down the potentiometric gradient and discharges to rivers, lakes, swamps, and other surface-water features (Aucott and Speiran, 1985) . Depending on a number of conditions, including aquifer thickness and transmissivity, a stratified flow system such as that depicted in figure 7 may develop. Stratified ground-water flow systems have been described by Toth (1963) , Freeze and Witherspoon (1966), and Winter (1976) .
In a flow system that is stratified, a shallow-flow system develops that is characterized by relatively short flow paths from local topographic highs to nearby small streams. Typically, much of the water in the groundwater system flows through the shallow-flow system at relatively high velocities. This system is near the surface and can be relatively thin. Shortterm variations in recharge can cause considerable variations in the amount of water flowing through the shallow-flow system and being discharged.
The deep ground-water flow system is more typically characterized by low velocities and long flow paths that originate near regional ground-water divides and extend either to discharge areas at large rivers or downgradient to the lower Coastal Plain. Because the time of travel from areas of recharge to areas of discharge is longer for the deep system than for the shallow system, the deep system tends to be less affected by short-term environmental factors such as variations in recharge. Discharge from the deep flow system, therefore, is more consistent over time than discharge from the shallow-flow system.
Intermediate flow systems probably also occur in the upper Coastal Plain between the shallow-and deep-flow systems ( fig. 7 ). These flow systems have characteristics intermediate between those of the shallow and deep systems, and can be considered either shallow or deep.
Many factors that affect ground-water discharge to streams also determine whether or not the ground-water flow system is stratified. These factors include aquifer transmissivity, specific yield (storage coefficient), and thickness; potentiometric gradient; the quantity and timing of recharge; and factors affecting discharge, such as stream elevation and incisement and streambed hydraulic conductivity. Both deep-and shallowflow systems occur in the upper Coastal Plain in South Carolina.
EXPLANATION FLOW LINE
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--Generalized depiction of shallow, intermediate, and deep ground-water flow systems (Winter, 1976) .
Most traditional methods for estimating the discharge of aquifers to streams use streamflow hydrograph separation techniques to identify surface runoff (flow over the land surface during and immediately following a storm) and total base flow (discharge from the entire ground-water flow system) . For example, Stricker (1983) , using a hydrograph separation technique ( fig.  8 ), determined total base flow of six small streams in the upper Coastal Plain of South Carolina averaged 12 inches per year [0.9 (ftVs)/ ! 2 ] which represented discharge of both the shallow-and deep -flow system. This method cannot be used to estimate discharge from only the deep ground-water flow system to the large streams. Therefore, an alternative to hydrograph separation techniques had to be developed.
METHOD OF ANALYSIS
The method used to compute discharge from the deep ground-water flow system to large regional streams was modified from a method first proposed by R E Faye and G. C. Mayer (written commun. , 1983) . The first step in the modified method was to determine the streamflow gain between two stations on the main stems of each of six large streams for a series of lowflow periods. The two stations were, as nearly as possible, located^at the upstream and downstream boundaries of the upper Coastal Plain, that is, at the Fall Line and the boundary with the lower Coastal Plain. Tributary inflow, which is surface inflow to the large streams, was summed and the sum subtracted from the streamflow gain between the two main-stem stations of the six large streams. The result, the net discharge, represents discharge from the ground-water flow system to the main stem during a particular lowflow event. A graph of net discharges versus streamflow at the downstream station for each large stream was then developed. The next step was to determine the net discharge that represents only discharge from the deep flow system with no significant contribution from the shallow-flow system. The slopes of the daily flow-duration curves for the large, unregulated streams in the upper Coastal Plain of South Carolina were examined and a change in slope noted at the low-flow end of the curve ( fig. 9 ). Because the shallow-flow system is much less resistant to drought a 10,000 o o ui to a: 
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Figure 9.--Daily flow-duration curves for large, unregulated upper Coastal Plain streams (from Bloxham, 1979) .
than is the deep-flow system, the part of the curve above the slope change can be assumed to represent flow in both the shallow and deep system whereas that below the slope change represents primarily flow in the deep system. This is also supported by the fact that this slope change occurs in a similar part of the flow-duration curves for a number of different streamflow sites. Flow at the change in slope of the flow-duration curve was used with the net discharge versus streamflow graph to estimate the net discharge where shallow flow becomes insignificant. The net discharge that corresponds to the streamflow at the break in slope of the flow-duration curve represented the best estimate of discharge from the deep-flow system to the large stream reach in question.
One check on the validity of this method was provided by comparing the computed net discharge with area-weighted minimum streamflows for the entire period of record for basins that lie wholly in the upper Coastal Plain. These record low flows represented basinwide discharge from the ground-water flow system to both tributaries and main stems during periods when contributions from the shallow-flow system were probably minimal. The low streamflows for five gaging stations (table 2) ranged from 0.16 to 0.28 ft 3 /s/mi 2 which compared favorably with the range of 0.08 to 0.25 ft 3 /s/mi 2 for the main-stem net discharges computed herein. Survey, 1969) , whereas the mean daily streamflow at Steedman was obtained from Bloxham (1976) . The difference between the streamflows at these stations for September [25] [26] 1968 , was 314 ft 3 /s which represents the gain between the stations.
The flows of the large tributaries to the North Fork Edisto River between Steedman and Orangeburg were obtained from Bloxham (1976) , except the flow for Caw Caw Swamp (station 59) which was estimated. This estimation was made using the average flow of two nearby stations, Caw Caw Swamp (station 53), in the headwaters of the same basin as station 59, and Limestone Creek which is adjacent to station 59 (Bloxham, 1976) . The average streamflow in cubic feet per second per square mile for the nearby basins was computed for the same time period and multiplied by the drainage area of station 59. The measurements and flow estimates for all the large tributaries were summed to obtain the total tributary inflow, which, for this period, equaled 163 ft 3 /s. Tributaries smaller than Limestone Creek and Hollow Creek were not considered because their flows were insignificant. The net discharge of 151 ft 3 /s, which is the difference between the mainstem streamflow gain and the total tributary inflow, represents the regional ground-water discharge for this reach of the North Fork Edisto River. The net discharge can be expressed per mile of main-stem stream or per square mile of intervening drainage area between the main-stem stations. For the 48.2-mile reach of the North Fork Edisto, these values are 3.1 fc 3 /s/mi and 0.25 ft 3 /s/mi 2 . Similar calculations were made for five other large streams in the upper Coastal Plain for September 1968 (tables 4, 5, 6, 7, and 8). Data from September 1968 were used because it was a period of extremely low flow with a generally good set of streamflow measurements on the main stem and tributaries of the six selected streams. One stream, the Lumber River, is located entirely in North Carolina and another, the Savannah River, is partly in Georgia and partly in South Carolina. Other Coastal Plain streams were not analyzed because they either were too small, had inadequate flow measurements on the main stem, or the aquifer-stream discharge was small. Only the larger streams were of interest in this investigation. The Congaree and Wateree Rivers, which are large streams, do not have adequate historical flow measurements. Lower Coastal Plain streams were not analyzed because aquifer-stream discharge is relatively small in the lower Coastal Plain in comparison to discharge to upper Coastal Plain streams. Table 9 , which contains data for all streamflow stations with drainage basin areas greater than 100 square miles in South Carolina (Bloxham, 1979) , clearly indicates that streamflow during low-flow periods is significantly greater for upper Coastal Plain streams versus lower Coastal Plain streams. This is a direct indication that aquiferstream discharge is relatively small in the lower Coastal Plain. Table 9 . Low-flow characteristics of selected streams in South Carolina [Bloxham, 1979] Adequate data are not available to make all of the necessary computations; therefore, some streamflow estimates had to be made. These include estimates of main-stem streamflow, particularly for regulated streams such as the Pee Dee and the Savannah Rivers, and estimates of tributary flow. Estimates of tributary flows were made using correlations of past record with similar stations or using streamflow in cubic feet per second per square mile of similar basins for which measurements during the period of interest were available.
Estimates of main-stem streamflow gain for regulated streams were made by analyzing differences of weekly, biweekly, monthly, and bimonthly averages of streamflow between the upstream and downstream stations. This method provided relatively consistent minimum main-stem streamflow gain for a number of low-flow periods for the Pee Dee and the Savannah Rivers. Figures 10 and 11 show comparisons of the Savannah River main-stem streamflow gain between Augusta (station 1970) and Millhaven (station 1975) for the low-flow periods of 1941-42 (before regulation) and 1968 (after regulation) using bimonthly and biweekly average streamflows. The bimonthly graph is needed to observe the general streamflow trend, while the biweekly graph is needed to select the actual streamflow values to be used. The effects of regulation during the low-flow periods examined on computations of main-stem streamflow gain do not appear to be severe. This is demonstrated by two factors. First, both curves in figure 10 are "U" shaped indicating decreased main-stem streamflow gains during the late summer and fall low-flow period. Second, both curves in figure 11 show similar magnitudes for the main-stem streamflow gain, about 600 ft 3 /s near the end of the recession in late September. The main-stem streamflow gain is, of course, highly dependent on the drought severity of the low-flow periods analyzed. The low-flow periods analyzed were all from significant drought periods.
ANALYSIS OF BASE FLOW
As noted previously from daily flow-duration curves ( fig. 9 ), there appears to be a certain drought severity beyond which shallow flow is either nonexistent or of much less importance with respect to discharge from the deep ground-water flow system. The changes of slope on the four flowduration curves in figure 9 corresponding to the drought severity at which shallow flow becomes insignificant is represented by flows that are exceeded 97 to 99.5 percent of the time. The flows for these same stations during the September 1968 period analyzed are exceeded 93 to 96.5 percent of the time. Because the September 1968 main-stem flows were greater than the duration-curve changes in slope that indicate the drying up of the shallowflow system, and because the magnitude of tributary flows was so large during September 1968, it is probable that the computations for September 1968 include some flow from the shallow-flow system. Although lower flow periods exist in South Carolina, September 1968 was the most severe drought period on record in the upper Coastal Plain region of South Carolina for which a large number of measurements were made on the tributary streams.
A number of computations, similar to those performed on the September 1968 data, were made for other periods for the three unregulated river reaches in South Carolina (North Fork Edisto, South Fork Edisto, and Lynches Rivers). The results were tabulated (table 10) and the net discharge was plotted as a function of the streamflow of the downstream station ( fig. 12) . If the 99-percent duration of the downstream station streamflow, being the average of the slope changes indicating the drought severity at which shallow flow becomes insignificant, is entered on figure 12 as indicated by the arrows, a corresponding net discharge can be found. The percent duration at the slope break was used because it yielded the greatest net discharge that contained no shallow flow and because flow in the deep system can be expected to be relatively constant. Table 11 indicates the net discharges that relate to 'the 99-percent duration of the downstream station flows and their relation to the computed values for September 1968.
Net discharges that relate to the 99-percent duration downstream station streamflow will be used to represent the discharge from the deep flow system for the three stations for which these computations could be made. Discharge from the deep-flow system for the other three stations (Savannah, Pee Dee, and Lumber Rivers) are computed using the average ratio of the 99 percent duration streamflow to the computed September 1968 net discharge for the North and South Forks Edisto River and the Lynches River (0.69) multiplied by the computed September 1968 net discharge for each station. The resultant values to be used to represent flow in the deep ground-water system are listed in table 12. The values used to represent flow in the deep system are probably overestimates because the tributary flow, which was subtracted from mainstem streamflow gain to obtain net discharge, did not include flow from all the small tributaries. Although these estimates are somewhat subjective, they are still useful for estimating flow in the deep ground-water flow system.
The estimates presented here represent the base flow component from the deep ground-water flow system only. If estimates of total base flow, including contributions from both the deep-and shallow-flow system, are desired, a number of methods, including hydrograph separation techniques, are available (Rorabaugh, 1960; Stricker, 1983) .
SUMMARY AND CONCLUSIONS
Estimates of base flow of large streams were made for six streams located in the Coastal Plain of South Carolina, North Carolina, and Georgia. Base flow of large streams was defined in this report to be the deep flow system component of ground-water discharge in a stratified flow system that is discharging to the large regional streams. The method used to estimate base flow of large streams requires that the streamflow gain be computed between two stations on the main stem of the large stream during an extreme low-flow period. Intervening tributary inflow was summed and that sum subtracted from the main-stem streamflow gain. The result, called the net discharge, was used as an estimate of flow in the deep ground-water system. Estimates of discharge from the deep ground-water flow system to large streams were made for the Savannah, South and North Fork Edisto, Lynches, Pee Dee, and the Lumber Rivers. Computations were made on reaches near the Fall Line because of the high base flow of streams in the area. Discharge from the deep ground-water flow system to large streams was calculated to range from 0.53 to 3.0 ft 3 /s/mi, with an average of 1.8 ft 3 /s/mi, and 0.05 to 0.22 ft 3 /s/mi 2 , with an average of 0.11 ft 3 /s/mi 2 . This compares with 0.9 ft 3 /s/mi 2 computed as an average total base flow for six small streams in the upper Coastal Plain of South Carolina by Stricker (1983) .
Reported values of discharge from the deep ground-water flow system probably are overestimated. Although the estimates are somewhat subjective, they are still valuable in establishing flow in the deep flow system. Estimates of total base flow, including both the deep-and shallow-flow system, could be made using a number of methods, including hydrograph separation techniques.
